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Abstract
In recent years, the number of cases of tuberculosis (TB) among immigrants in Spain has increased markedly, and led to this analysis
of the recent transmission patterns of TB in the immigrant population in Madrid. The countries from which the highest number of
immigrant cases have been reported were Ecuador (21%), Romania (16%), Morocco (12%), Peru (11%) and Bolivia (9%). Fifty-one
per cent of the cases were from South America. In a multicentre study (2004–2006), IS6110 restriction fragment length polymorphism
and spoligotyping were used to genotype the Mycobacterium tuberculosis isolates from 632 immigrant cases from 47 countries. A total of
183 cases (29%) were grouped into 59 clusters, which are markers of potential transmission events. Most of the clusters (81%) included
patients living in different healthcare districts, and 54% of the clusters were multinational. When a sample of 478 autochthonous cases
was included, 53% of the clusters involving immigrants also included autochthonous cases. This study revealed marked transmission
permeability among nationalities and between the immigrant and the autochthonous populations.
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Introduction
The immigrant population in Madrid has increased markedly
in recent years (from 3.5% in 1996 to 13.6% in 2006).
Accordingly, the number of cases of tuberculosis (TB) among
immigrants has also increased, from 5.2% of all cases in 1998
to 33.7% in 2003 [1].
Studies performed in other countries with a high propor-
tion of immigrants have applied molecular epidemiology
approaches to analyse the recent transmission of TB [2–10]. In
general, the percentage of clustered cases (an indicator of
recent transmission) in immigrants has been found to be lower
than in the autochthonous population, which was also the case
in a study covering the 2002–2004 period in two healthcare
districts in Madrid [11]. These ﬁndings have led to the assump-
tion that TB in the immigrant population is mainly the result of
reactivation of infections acquired in the country of origin, and
little effort has been made to analyse the recent transmission
patterns of the immigrant population in the host country. This
study focuses on recent transmission in immigrants after arri-
val in Spain. The study population was extended to include
immigrant cases from all of the healthcare districts in the city
of Madrid, and a more recent analysis period (2004–2006) was
chosen when the number of cases among immigrants reached
previously unseen numbers.
The city of Madrid provides a unique observatory for the
analysis of recent TB transmission dynamics, for several rea-
sons. Immigration is a recent phenomenon, and the dynamics
of transmission can be measured at a point in time when
socio-epidemiological changes are occurring. Most of the
immigrants share a cultural and linguistic background with the
host population (unusual in other countries), thus indicating a
possibly greater socio-epidemiological permeability.
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Materials and Methods
Study population
The population of the Madrid area (city of Madrid and sur-
rounding area in the autonomous region of Madrid) was
5 964 143 inhabitants in 2005, and there were 3179 TB
cases diagnosed in the period 2004–2006. The incidence
rates for the years 2004, 2005 and 2006 were 16.9, 19.1 and
17.6 cases/100 000 inhabitants, respectively. Seventy-ﬁve
per cent of these cases (2384) were culture-positive.
Among the 2384 culture-positive cases, 872 (36.6%) were
immigrants and 1512 were Spanish-born. The sample
included: (i) all culture-positive TB cases among immigrants
from the eight hospitals in the city of Madrid during the
study period (688 cases; 78.9% of the total culture-positive
cases in immigrants); and (ii) a sample of the Spanish-born
cases in the same period from two hospitals, which was used
to evaluate the potential existence of cross-transmission
between foreign and autochthonous cases (478 cases; 31.6%
of the total autochthonous culture-positive cases).
The research was approved by the research committee of
Hospital Gregorio Maran˜o´n.
Clinical isolates
Clinical specimens were processed according to standard
methods and inoculated in Lo¨wenstein–Jensen slants and also
in MGIT (Becton Dickinson, Sparks, MD, USA) liquid media
in some of the participating centres. Susceptibility testing
for isoniazid, rifampin, streptomycin and ethambutol was
performed for 685/688 cases (99.6%), according to standard
methods. Multidrug resistance was deﬁned as resistance of
the Mycobacterium tuberculosis isolate, at least to isoniazid
and rifampin.
Genotyping
A total of 1207 M. tuberculosis isolates (688 from immigrants
and 519 from autochthonous patients) were received for
genotyping. Among these, 92% (1110) were genotyped by
IS6110 restriction fragment length polymorphism (RFLP) [12]
and by spoligotyping [13]. Genotypic patterns were analysed
using Bionumerics 4.6 (Applied Maths, Sint Martens Latem,
Belgium). Dendrograms were generated using the Dice coefﬁ-
cient and the unweighted pair group method with arithmetic
averages (UPGMA). Clusters were deﬁned for isolates sharing
identical RFLP types. Clusters deﬁned by isolates with fewer
than six bands were also required to share identical spoli-
gotypes. Before deﬁning a cluster, it was ensured that no
laboratory cross-contamination events were involved [14].
The Beijing genotype [15] was identiﬁed by observation of its
speciﬁc spoligotypes.
The potential involvement of laboratory cross-contamina-
tion in the incorrect assignment of genotypes was ruled out
by comparing the ﬁngerprints of the isolates studied with
those from all of the isolates co-processed in the laboratory
within a 1-day interval.
Results
General features of TB in immigrants
During the study period, immigrant cases represented 36.6%
of the total number of TB cases detected: 688 cases (78.9%
of the immigrant cases in Madrid) from 50 different countries
were microbiologically diagnosed, and 632 isolates from
independent cases could be genotyped (91.8%).
Among these, three cases infected by Mycobacterium bovis
(all from Morocco) and two by Mycobacterium africanum
(from Guinea-Conakry and Mali) were identiﬁed. Overall,
69% of the cases among immigrants were from ﬁve coun-
tries: Ecuador (21%), Romania (16%), Morocco (12%), Peru
(11%) and Bolivia (9%). The total of cases from South
America represented 51% of all cases (Fig. 1).
Among the M. tuberculosis isolates from immigrants, 6.7%
were resistant to isoniazid, and 3.5% were multidrug-resis-
tant. Most of the multidrug-resistant isolates came from Peru
and Ecuador (54%; 13/24).
Genotyping analysis
A total of 508 different genotypes were identiﬁed among the
632 isolates genotyped. A total of 183 cases (28.9%) from 19
countries were grouped into 59 clusters (2–18 cases)
(Table 1): 88.1% of the clusters involved M. tuberculosis
strains with RFLP patterns composed of more than six
bands.
Most of the clusters (81%) included patients from different
healthcare districts. In only two small clusters (M79 and
M84) was the M. tuberculosis strain involved resistant
(Table 1). The Beijing genotype was detected in 12 cases—
from Ecuador (4), China (3), Peru (2), Morocco (2) and
Armenia (1)—all of them pan-susceptible and unclustered.
The cases most frequently involved in clusters were from
Ecuador (36.6%; 49/134 cases in 28 clusters), Morocco (35%;
29/82 cases in 22 clusters), Romania (33.7%; 34/101 cases in
15 clusters), and Peru (29%; 20/69 cases in 13 clusters).
However, for another well-represented country, Bolivia, only
a few cases were clustered (8.8%; 5/57 cases in three
clusters).
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It was determined whether recent transmission clusters
involved cases from the same country or whether cross-
transmission among immigrant cases from different geograph-
ical areas could occur. It was found that 54.2% (32/59) of
the immigrant clusters included cases from more than
one country (Table 1) and that these multinational clus-
ters were composed of cases from two to six countries.
Analysis according to geographical area (considering South
America, North Africa, sub-Saharan Africa, Eastern Europe
and Asia) rather than according to country revealed that a
high proportion of the clusters (40.7%, 24/59) included
patients from unrelated regions. Among the countries most
represented in the study, Peru, Morocco, Ecuador and Boli-
via were mainly involved in multinational clusters; however,
most of the Romanian cases were included in national
clusters (Fig. 2a).
To evaluate whether recent transmission among
immigrants also involved autochthonous cases, a sample of
Spanish-born cases (n = 478) from two of the eight
hospitals from which the immigrant cases were recruited
was included. These two hospitals were selected because
they treated a large number of the TB cases in Madrid
(33.8% of the total and 32.5% of the autochthonous cases)
and after conﬁrming that the features of the population
served by them did not differ from those of the population
served by the remaining six hospitals; that is, statistically,
the percentages of immigrant cases (15.58% vs. 15.53%)
and the percentages of TB cases co-infected with
human immunodeﬁciency virus (13.6% vs. 13%) were not
signiﬁcantly different.
After the inclusion of autochthonous cases, a search for
mixed clusters (those including both autochthonous and
immigrant cases) was undertaken. Twenty of the previously
deﬁned 59 immigrant clusters (33.9%) thus became mixed
clusters (Table 1), incorporating between one and 11 Span-
ish-born cases. Most of these (85%, 17/20) corresponded to
clusters previously deﬁned as multinational. Moreover, 24
new mixed clusters involving only one immigrant case and
one to six autochthonous cases were detected. Overall, after
including the Spanish-born cases in the analysis, the percent-
age of clustered immigrant cases increased to 33% and most
of the clusters (53%; 44/83) were mixed clusters.
Among cases from the countries with a higher representa-
tion, Peruvians, Ecuadorians, Moroccans and Bolivians were
frequently involved in mixed clusters, whereas Romanians
were less represented in mixed clusters (Fig. 2b).
Discussion
It is generally assumed that TB in immigrants is due to reac-
tivation of infections acquired in the country of origin, and
little effort has been made to analyse potential recent trans-
mission after arrival in the host country. In a previous study
[11], it was found that, although recent transmission was
higher in the autochthonous population, the values found for
the immigrant population were not anecdotal (21%). How-
ever, that study did not focus on transmission patterns in
immigrants, but compared changes in transmission patterns
with the results recorded before the increase in immigration.
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FIG. 1. Distribution of nationalities among the
immigrant cases studied. The ﬁve nationalities
with the highest number of cases are in dark
grey. The column for Spain corresponds to
children born in Spain in immigrant families.
N, number of patients.
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TABLE 1. Features of the clustered cases
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With the aim of providing a detailed analysis of the clusters
in immigrants and their recent transmission patterns, this
multicentre study was performed to record as many trans-
mission events as possible (78.9% of the total number of
immigrant cases microbiologically conﬁrmed in Madrid) and
to consider a more recent study period (2004–2006), during
which the percentage of TB cases in immigrants reached its
highest values ever (37%).
Determining the epidemiology of recent TB transmission
in the immigrant population according to conventional
approaches is made difﬁcult by the existence of social/
cultural/linguistic barriers that combine with the difﬁculties
faced by these patients when trying to gain access to health-
care. It has frequently been observed that in a high percentage
of the clusters identiﬁed by molecular approaches an epidemi-
ological link is not found [5,10,16]. In a previous study [11],
only 22% of the clusters were epidemiologically conﬁrmed,
and in parallel studies in Barcelona and Almeria, only 6.5% (Un-
idad de Investigacio´n de la Tuberculosis (Tuberculosis Investi-
gation Unit), personal communication) and 15% (M. Martı´nez
Lirola, personal communication), respectively, of the clusters
were epidemiologically conﬁrmed. It has only been possible to
increase the percentage of clusters that are epidemiologically
conﬁrmed in studies combining molecular techniques with
reﬁned and exhaustive epidemiological surveys based on
re-interviews of the clustered cases [17–20]. Some found a
high correlation (86%) between clustered cases and those with
documented epidemiological contacts [20], supporting the idea
that clusters are suitable indicators of recent transmission.
Therefore, and following a general assumption, clustering was
used as an indicator of recent transmission.
Several studies analysing the molecular epidemiology of
TB in foreign-born individuals have revealed that recent trans-
mission rates were much lower than those determined for
native-born individuals in the USA [6,7,10], Denmark, Israel,
Norway and Canada [3,4,8,9]. In the present study, the pro-
portion of clustered TB cases among immigrants was not
anecdotal. In fact, for certain well-represented immigrant
groups in the study population, this rate (29–37% for
Ecuadorians, Romanians, Moroccans and Peruvians) is not so
different from that found for the autochthonous population
elsewhere. It is also interesting that recent transmission events
TABLE 1. Continued
For each cluster, the table shows the number of clustered cases (foreigners), their nationalities (with the number of cases (if higher than one) for each nationality in paren-
theses), whether the cluster includes more than one nationality (multinational cluster), and whether the cluster includes both foreign and autochthonous cases (mixed cluster;
number of autochthonous cases in parentheses).
aCases of children born in Spain of immigrant families.
bClusters involving resistant strains.
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were not exclusive to certain nationalities and that cases from
several countries involved ongoing transmission events.
One of the concerns related to the increase in the num-
ber of cases of TB among immigrants is the potential impor-
tation of ‘risk strains’, e.g. highly infective or resistant strains
that are more prevalent in some of the countries of origin.
This led to a focus on the appearance and potential spread
of these strains. Among the potentially highly infective
strains, those of the Beijing M. tuberculosis genotype have
been involved in severe outbreaks [21] and in explosive
spread [22] after importation. During the study period, only
12 cases were infected by strains of this genotype, and all
of them were unclustered, suggesting that the spread of
the Beijing genotype is not yet a problem in the context
of tuberculosis transmission in Madrid. Six were Peruvian/
Ecuadorian, thus supporting the South American importation
route previously reported for these strains [23]. The trans-
mission of resistant strains could not be detected except in
two of the clusters (Table 1).
The role of immigrants in recent transmission is a novel
ﬁnding in Madrid. In a previous study [24], carried out
between 1997 and 1999, only 1.1% of the clustered cases
were immigrants. The present data show that recent trans-
mission in the immigrant population should be analysed, and
that the general assumption that TB in foreigners is caused
by reactivation of imported infections must be reassessed.
Recent transmission in foreigners has been found to be fre-
quent in The Netherlands [25], and the persistence of a high
incidence of TB in foreigners a decade after arrival supports
a potential role for recent transmission in the host country.
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In addition to recent transmission in the host country, clus-
ters could be the result of a founder effect (foreign cases
sharing strains that are highly prevalent in their countries of
origin) and simultaneous reactivations of infections caused by
identical genotypes. In the present study, both possibilities
seem unlikely, because clustered cases frequently include
cases from different countries, meaning that they were not
linked at their origin. In addition, the RFLP patterns for the
countries most represented among immigrants in Madrid
were only anecdotally found to be shared by cases from the
same countries in the concurrent studies in Barcelona and
Almerı´a (data not shown).
The present study involved eight hospitals, and most of
the clusters involved cases from different healthcare districts.
Therefore, many of the recent transmission links and clusters
would have gone unidentiﬁed if a multicentre design had not
been followed.
In most of the studies cited above, only a few clusters
involving immigrants from different countries, or foreign-
born and Spanish-born cases within the same cluster, were
detected, suggesting the absence of cross-transmission
among nationalities. The present study revealed frequent
clusters involving different nationalities (not always national-
ities sharing socio-cultural backgrounds) and also revealed
Spanish-born cases together with foreign cases. This
suggests that, in Madrid, there is a certain epidemiological
permeability for TB transmission in the context of immigra-
tion. These data are consistent with those from a study
carried out in Hamburg [5], which showed that transmis-
sion permeability can be detected in different socio-epide-
miological backgrounds. Furthermore, the observation of
frequent cross-transmission between Spanish-born and for-
eign cases is probably an underestimation of the actual
ﬁgures. The autochthonous cases were analysed from a
sample of only 32% of the total number of autochthonous
cases; therefore, real cross-transmission could be even
higher than indicated by the present high values (53%) of
mixed clusters.
A more speciﬁc analysis considering the countries that
were best represented in the study revealed that not
all nationalities shared the same transmission behaviour.
Moroccans, Peruvians and Ecuadorians were more frequently
involved in clusters and they shared transmission permeability
with different nationalities. However, Bolivians were less
frequently involved in clusters, and Romanians were only
rarely found in multinational clusters and mixed clusters.
Considering the fact that most of the mixed clusters were
also multinational, it cannot be suggested that cases from
certain nationalities are more likely to be involved in cross-
transmissions with autochthonous cases. The present data
may only suggest that Moroccans, Peruvians and Ecuadorians
had higher transmission permeability, not speciﬁcally with
Spanish-born cases, but with cases from other nationalities in
general. The differential tendency to be involved in interna-
tional or mixed clusters for certain nationalities as compared
with others could be the result of a differential socio-cultural
proximity among the cases from these nationalities that
facilitates ‘social interaction’.
Cross-transmission between foreign and autochthonous
cases could involve infection of, or by, Spanish cases. In a
previous study [11], the genotypes involved in the major
mixed clusters corresponded to endemic M. tuberculosis
strains isolated in Madrid since 1997, before the increase in
immigration. In the present study, after including the Spanish-
born sample in the analysis of immigrant clusters, mixed
clusters were detected, with an over-representation of
autochthonous cases and only one, or few, immigrant
case(s), which could be a potential example of immigrants
being involved in autochthonous transmission chains. These
two observations could suggest that transmission is not
always from foreigners to autochthonous inhabitants, as is
the case in other countries [3,5].
This study highlights the role of recent transmission of TB
among immigrants and the existence of cross-transmission
among nationalities and between autochthonous and immi-
grant cases. Intervention strategies in the context of TB in
foreigners often focus on screening programmes upon entry
to the host country, in order to detect and control
imported cases. These data imply the need to consider, in
addition to importation, transmission within the host coun-
try. Speciﬁc programmes combining molecular strategies and
exhaustive epidemiological tracking should be implemented;
these would help to identify precisely the patterns of
ongoing transmission and to deﬁne the proportion of
reactivation/importation as opposed to recent transmission
of TB among immigrants.
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